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Kinematic Study of Lower Extremity Movements in Unskilled and
Expert Snowboarders During Snowboard Simulator Exercises
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Abstract: In this study, joint angles of the lower extremity and tibial acceleration and angular velocity were measured
during a snowhoard simulator exercises in order to evaluate the skill of snowboarders. Ten unskilled and ten expert
snowboarders were recruited for the study. A three-dimensional motion capture system and two inertial sensor mod-
ules were used to acquire joint movements, acceleration and angular velocity of the lower extremities during snow-
board simulator exercises. Pattern variations were calculated to assess variations in the snowboard simulator motion
of unskilled and expert snowboarders. Results showed that expert snowboarders showed greater range of motion
in joint angles and greater peak to peak amplitude in acceleration and angular velocity for tibia than unskilled snow-
boarders. The unskilled snowboarders did not show symmetrical shape(same magnitude but opposite direction) in
tibial angular velocity during two edge turns in snowboard simulator exercises. The expert snowboarders showed
smaller pattern variations for joint angle of lower extremity, tibial acceleration and tibial angular velocity than
unskilled snowhoarders. Inertial sensor data and pattern variations during the snowboard simulator exercises could

be useful to evaluate the skill of snowboarders.

Key words: snowboard simulator, inertial sensor, kinematics, pattern variation
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Fig. 1. Snowboard simulator exercise and the definition of
the inertial sensor module.
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Fig. 2. (a) Jomt angle of lower extremity, (b) Tibial acceleration, (c¢) Tibial angular velocity in unskilled and expert
snowboarders during snowboard simulator exercises.
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Table 2. Pattern variation of joint angle, tibia acceleration
and tibia angular velocity.

Expert Unskilled
Ankle 1.4+0.5 1.5+0.7
Joint angle Knee 59+26 6.3+1.9
Hip 3.9+1.8 4.3+2.8
Anterior-Posterior 0.37 £0.03 0.38 £0.04
Acceleration Medial-Lateral 0.17+0.05 0.22+0.07"
Superior-Inferior 0.16+0.15 0.21+0.06"
Pitch 28.7+6.6 36.3+7.0
Angular Yaw 82+50 16.0+1.0°
velocity .
Roll 12.0+5.2 239+1.6

*indicates a significant differences compared with the expert
(p <0.05)
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Table 1. Joint ROMs and PPA of tibia acceleration and tibia angular velocity.

Nose foot Tail foot

Expert Unskilled Expert Unskilled

. Ankle 16.2+5.2 16.2+6.2 17.1+6.8 16.1+£7.2
J"mt(o‘;ngle Knee 405+ 14.5 31.8+11.2° 421+15.8 31.6+12.5"
Hip 37.3+11.8 49.2 +18.7" 37.8+10.5 48.5+ 16.8"

) Anterior-Posterior 16.2+5.2 16.2+6.2 17.1+6.8 16.1+7.2
Accel(egga“"n Medial-Lateral 405+105 31.8+11.2" 4214108 31.6+12.5"
Superior-Inferior 38.0+11.8 34.7+18.7 37.9+15.5 32.4+16.8"
. Pitch 126.3+12.8 102.3 + 25.6 126.3+12.8 101.3+22.6
Angugl;e"ce)lomty Yaw 25595 12.8419.2" 98.4+10.9 10.8+20.2°
Roll 30.7 +10.6 12.8+13.9" 27.7+9.7 12.8+12.9"

*indicates a significant differences compared with the expert (p < 0.05)
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Table 3. Integral ratio of tibia pitch angular velocity.

Expert Unskilled
Nose foot 1.0+0.2 1.3+0.2"
Tail foot 1.0+0.2 1.3+0.3"

*indicates a significant differences compared with the expert
(p < 0.05)
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